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Abstract 
7KLV SDSHU SURYLGHVPHWKRGRORJ\ WKDW FDQ EH DSSOLHG IRU VWXGHQWV LQ FODVVURRP DQG LQGLYLGXDOZRUN DVZHOO DV E\
WHDFKHUVWKDWSUHSDUHDQGWHVWKRPHZRUNDVVLJQPHQWVLQWKHFDVHRIHTXLOLEULXPRIWKHIODWIRUFHVV\VWHP
7KH PHWKRGRORJ\ IRU SUHSDULQJ VHOIVWXG\ DVVLJQPHQWV KRPHZRUN DFWLYLWLHV DQG WHVWV IRFXVHG RQ  LQ RQH SRLQW
LQWHUVHFWLQJ IRUFHV DV ZHOO DV FKHFNLQJ WKH DFFXUDF\ RI VROXWLRQV LV SURYLGHG LQ WKLV DUWLFOH 7KLV PHWKRGRORJ\
LQWHJUDWHV WKH FRXUVHVRIMechanics DQG Informational Technologies([DPSOHVRI H[HUFLVHVZLWKGLIIHUHQW H[WHUQDO
ORDGLQJVDQGFDVHVRIDQDO\]HGDUHDOVRLQFOXGHGLQWKLVZRUN

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI7KH$VVRFLDWLRQRI6FLHQFH
(GXFDWLRQDQG7HFKQRORJ\

Keywords: )RUFH(TXLOLEULXP)OH[LEOHFRQQHFWLRQ$QJOHV

1. SCHEME AND EQUATIONS 
:LWK WKH UDSLG GHYHORSPHQW RI ,QIRUPDWLRQDO 7HFKQRORJLHV WKLV WRRO ,7 LV PRUH ZLGHO\ LQWHJUDWHG LQWR
GHOLYHU\ RI WKH FRQWHQW RI GLIIHUHQW DFDGHPLF VXEMHFWV 7KLV LV WKH PDLQ UHDVRQ ZK\ LW LV SXUSRVHIXO WR KDYH WKH
PHWKRGRORJ\ IRU LPPHGLDWH DFTXLVLWLRQ RI WKH DVVLJQPHQW VFKHPH UHVXOWV RI FDOFXODWLRQ DQG JUDSKLFDO VROXWLRQ
HQWHULQJLQLWLDOGDWD
Problem.:LWKWKHVPDOODPRXQWRIFRQWDFWKRXUVDQGWLPHFRQVXPLQJDVVLJQPHQWVWKHUHDUHQRSRVVLELOLWLHV
WRLQWURGXFHDOWHUQDWLYHVROXWLRQPRGHOVGXULQJWKHOHFWXUHV
The aim7RDSSO\WKH([FHOSURJUDPPHDQGWKHSULQFLSOHVRIPHFKDQLFVLQRUGHUWRGHYHORSWKHPHWKRGRORJ\
IRUIOH[LEOHPRGHOOLQJRIDVVLJQPHQWVGHSHQGLQJRQWKHFXUULFXOXPFRQWHQWDQGDLPVDVZHOODVDQLQGLYLGXDOVWXGHQW¶V
DELOLWLHV7RSURYLGHDVWXGHQWZLWKDSRVVLELOLW\WRPRGHOWKHDVVLJQPHQWLQGHSHQGHQWO\VWDUWLQJIURPWKHVLPSOHUDQG
PRYLQJWRZDUGVPRUHFRPSOLFDWHGWDVNV

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
)LJ7DVNPRGHO
Calculation data. ,QWKHVFKHPHSURYLGHGLQ)LJWZRMRLQHGFDEOHV(AO andBO)VXEMHFWHGWRIUHHKDQJLQJ
ZHLJKWRIWKHERG\G. $QJOHVZKLFKFDEOHVIRUPZLWK[D[LVDUHDVIROORZVUHVSHFWLYHO\±α1α
5HDFWLRQIRUFHVZLWKLQWKHFDEOHVRADQGRBDUHVKRZQLQILJDQGFDQEHFRPSXWHGRQWKHEDVLVRIVWDWLFV
DUJXPHQW>@

 
x
y
RBRA
α
2 α1
G

)LJ&DOFXODWLRQVFKHPH

)RUPDWKHPDWLFDOGHVFULSWLRQRIWKHWDVNZHXVHWKHIROORZLQJVWDWLFVHTXLOLEULXPHTXDWLRQVLQWKHFRRUGLQDWH
D[HV[DQG\

ΣFx = 0                  (1) 
RB * cós (α1) - RA * cós (α2)  = 0
ΣFy = 0                       (2) 
RB * sin (α1) + RA * sin (α2) - G = 0
%\VROYLQJWKHV\VWHPRIHTXDWLRQVZLWKWZRXQNQRZQYDULDEOHVZHREWDLQYDOXHVRIUHDFWLRQVRADQGRB
RA = RB * cós (α1) / cós (α2)               (3)
RB = G /( sin (α1) + cós (α1) * tg (α1))                (4)
2. DEVELOPMENT OF THE APPLIED PROGRAMME 
)XUWKHUVROXWLRQRIWKHWDVNLVSHUIRUPHGE\DSSO\LQJ(TV±DQG([FHOVSUHDGVKHHW>@
+DYLQJXVHGWKHJHQHUDOVNHWFKIRUIODWV\VWHPRILQRQHSRLQWLQWHUVHFWLQJIRUFHVDQGWKHWDEOHRILQLWLDOGDWD
RQHFDQFUHDWHDZLGHUDQJHRI WDVNVFKDQJLQJ WKH LQLWLDOGDWD SDUDPHWHUV7KLV WDVN LVPRGHOOHG LQFRPSXWHUDLGHG
DGGUHVVHVXVLQJDQ([FHOVSUHDGVKHHWDQGDOOIRXUPDWKHPDWLFDOHTXDWLRQV
&RPSXWHUDLGHGWDVNVROXWLRQLVSUHVHQWHGRQWKH)LJVDEFG


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No G α1 α2 RB RA
Ex kN degrees degrees kN kN
Ex1 50 32 64 22,04 42,64

)LJD([FHOWDEOHZLWKLQLWLDOGDWDDQGFDOFXODWLRQRIUHVXOWV



)LJE6FKHPHRIFDEOHVZLWKZHLJKWRIWKHERG\



)LJF&DOFXODWLRQVFKHPHZLWKGLUHFWLRQVRIIRUFHV

6ROYLQJWKHWDVNPDQXDOO\VWXGHQWVKDYHDSRVVLELOLW\WRYHULI\WKHFRUUHFWQHVVRIFDOFXODWLRQFRPSDULQJZLWK
WKHFRPSXWHUVROXWLRQ&KDQJLQJLQLWLDOGDWDLQWKHWDEOHLQDFFRUGDQFHZLWKYDULDWLRQRIDQJOHVUDQJHRQHFDQREWDLQ
YDULRXVYDULDQWVRIVROXWLRQ7DVNVPRGHOOLQJDOORZVSUHSDULQJDVVLJQPHQWVIRUFRQWUROZRUNVRIYDULRXVFRPSOH[LWLHV
,Q ILJXUHGDJUDSKLFDO VROXWLRQRI WKH WDVN LVSUHVHQWHGRQ WKHEDVLVRI IRUFHVEDODQFHFRQGLWLRQZKLFK
VWDWHVWKDWLQWKHFDVHRIHTXLOLEULXPWKHFORVHG WULDQJOHRIIRUFHVPXVWSUHYDLO6ROYLQJ WKHWDVNJUDSKLFDOO\VWXGHQW
PXVWQRWRQO\DFFXUDWHO\GHSLFW WKHNQRZQZHLJKWRIWKHERG\G LQWKHVFDOHEXWDOVRFRUUHFWO\VHWGLUHFWLRQVRIDOO
WKUHHIRUFHVDVZHOO



)LJG*UDSKLFDOVROXWLRQ±WULDQJOHRIIRUFHV
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:LWK([FHOVSUHDGVKHHWLWLVHDV\WRSHUIRUPDQDO\VLVRIWKHVHOHFWHGWDVNYDULDEOHV$QDO\VLVKDVEHHQFUHDWHG
E\VWHDGLO\FKDQJLQJLQFUHPHQWVRISRLQWV)RUWKHILUVWVWXG\UHDFWLRQVRADQGRBZHUHDQDO\VHGGHSHQGHQFHIURP
ZHLJKWRIWKHERG\E\FKDQJLQJWKHZHLJKWRIWKHORDGUDQJHRIN1DQGRWKHUSDUDPHWHUVDQJOHVα1DQGα2VWD\
VWDEOH
No G, kN α1, o α2, o RB, kN RA, kN
1 10 30 60 5,00 8,66
2 20 30 60 10,00 17,32
3 30 30 60 15,00 25,98
4 40 30 60 20,00 34,64
5 50 30 60 25,00 43,30
6 60 30 60 30,00 51,96
7 70 30 60 35,00 60,62
8 80 30 60 40,00 69,28
9 90 30 60 45,00 77,94
10 100 30 60 50,00 86,60
 
)LJD([FHOWDEOHRIUHDFWLRQVVWXG\5$DQG5%GHSHQGHQFHRQZHLJKWRIWKHERG\

7KHUHVXOWVRI WKHFDOFXODWLRQFDUULHGRXW LQDQH[FHOVSUHDGVKHHW)LJDVKRZ WKDW WKH LQFUHDVLQJZHLJKW
RIERG\G RIWKHWZRUHDFWLRQVLQFUHDVHV'LDJUDPJUDSKLFDOO\VKRZVWKHGHSHQGHQFHRIWKHJURZWKFKDUWLQ([FHODQG
LVSUHVHQWHGLQILJXUHE



LJE*UDSKLFDOGHSHQGHQFHRIUHDFWLRQVRQZHLJKWRIWKHERG\*

7KH JUDSK VKRZV WKDW LQFUHDVLQJ ZHLJKW RI WKH ERG\ RI WZR UHDFWLRQV RA DQG RB LQFUHDVHV E\ D OLQHDU
GHSHQGHQFH
7KHVHFRQGVWXG\ LQYHVWLJDWHV UHDFWLRQV¶RADQGRBGHSHQGHQFHRQ WKHDQJOHĮ DQJOHZDVFKDQJHGE\D
VWHDG\LQWHUYDORIGHJUHHVWKHRWKHUSDUDPHWHUVZHLJKWRIWKHERG\GDQGDQJOHα2UHPDLQVWDEOH)LJXUHD7KH
UHVXOWVRIWKHFDOFXODWLRQDQGJUDSKLFDOGLVSOD\SHUIRUPHGLQH[FHOVSUHDGVKHHWVKRZWKDWLQFUHDVLQJWKHDQJOHα1RB
UHDFWLRQLQFUHDVHVDQGWKHRAGHFUHDVHVE\FXUYLOLQHDUGHSHQGHQFH)LJXUHE

No G, kN α1, o α2, o RB, kN RA, kN
1 50 85 60 43,59 7,60
2 50 78 60 37,36 15,54
3 50 71 60 33,13 21,57
4 50 64 60 30,16 26,44
5 50 57 60 28,06 30,56
6 50 50 60 26,60 34,20
7 50 43 60 25,66 37,53
8 50 36 60 25,14 40,67
9 50 29 60 25,00 43,74
10 50 22 60 25,25 46,81

)LJD([FHOWDEOHRIUHDFWLRQVVWXG\5$DQG5%GHSHQGHQFHRQDQJOHĮ
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

)LJE*UDSKLFDOGHSHQGHQFHRIUHDFWLRQVRADQGRBRQDQJOHα1

,Q WKH WKLUGVWXG\UHDFWLRQV¶RA DQGRBGHSHQGHQFH IURP DQJOHV α1DQGα2ZHUHUHVHDUFKHG $QJOHV
ZHUHFKDQJHGDWDVWHDG\LQWHUYDORIGHJUHHVDQGWKHZHLJKWRIWKHERG\GDVDFRQVWDQW)LJD

No G, kN α1, o α2, o RB, kN RA, kN
1 50 10 10 143,97 143,97
2 50 17 17 85,51 85,51
3 50 24 24 61,46 61,46
4 50 31 31 48,54 48,54
5 50 38 38 40,61 40,61
6 50 45 45 35,36 35,36
7 50 52 52 31,73 31,73
8 50 59 59 29,17 29,17
9 50 66 66 27,37 27,37
10 50 73 73 26,14 26,14

)LJD([FHOWDEOHRIUHDFWLRQVVWXG\5$DQG5%GHSHQGHQFHIURPDQJOHVĮDQGĮ

7KH JUDSKEVKRZV WKDWLQFUHDVLQJWKH DQJOHVα1DQGα2WKH UHDFWLRQVRI RADQG RBDUH GHFUHDVLQJE\
FXUYLOLQHDUGHSHQGHQFH. 



)LJE*UDSKLFDOGHSHQGHQFHUHDFWLRQVRADQGRBRQDJOHα1 DQGα2
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J  \  
Conclusions 

3URYLGHGH[DPSOHVSURYHWKDWWKLVPHWKRGRORJ\DOORZVIOH[LEOHPRGHOOLQJRIEDVLFJHQHUDOPRGHOVWDUWLQJ
IURPWKHVLPSOHVWDQGPRYLQJWRZDUGVPRUHFRPSOLFDWHGDVVLJQPHQWVDVZHOODV
7ZRZD\VRIDWDVNVROXWLRQDUHSRVVLEOH
D 8VLQJ YDOXHV IURP WKH WDEOH RI LQLWLDO GDWD WR FDOFXODWH DQG GUDZ D VFKHPHPDQXDOO\ RQ SDSHU DQG
FRPSDUHLWZLWKFRPSXWHUDLGHGVROXWLRQ
E8VLQJGLIIHUHQWPRGHOOLQJYDULDQWVWRPRGHOFRUUHFWO\WKHWDEOHRIGDWDDSSO\LQJWKHVDPHVFKHPHDQG
REWDLQWKHVDPHFRPSXWHUDLGHGVROXWLRQ
$SSOLFDWLRQRI,7KHOSVWRVDYHWLPHDQGOHDGVWREHWWHUTXDOLW\RIWDVNVRIVWDWLFDOO\GHWHUPLQHGV\VWHPRI
IRUFHV
7KLVPHWKRGRORJ\UHTXLUHVERWKDVWXGHQWDQGDWHDFKHUWRKDYHVSHFLILFNQRZOHGJHDQGVNLOOVLQWKHILHOGV
RIPHFKDQLFVDQGLQIRUPDWLRQDOWHFKQRORJLHV
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